INTRODUCTION
A genetic susceptibility to multiple sclerosis (MS), the prototypical central nervous system autoimmune disease, has been evident for over 50 years. The first genetic association (HLA) was described in the 1970s. 1 Early work established a possible genetic basis for susceptibility 2 and extensive investigation of familial cases has followed. Investigation of twins, 3 familial risk, 4 conjugal MS, 5 adoptive first-degree relatives 6 and half sibs of patients with MS 7 have collectively suggested that multiple genes play a role in susceptibility to MS.
A measure of the genetic susceptibility for a disease is given by the sibling recurrence-risk ratio or l s . 8 This is calculated by dividing the risk for siblings by the population risk (population prevalence). For MS this figure is 20 to 40. 9 Recent genomewide association studies have now confirmed upwards of 20 susceptibility genes in MS. 10 As well as this background genetic predisposition, there is strong evidence for a number of environmental factors in determining susceptibility to MS. These include smoking, latitude (an effect which is likely to be related to available sunlight and relative vitamin D deficiency) and possibly the EpsteineBarr virus. 11 Australia is historically a nation of intermediate prevalence for MS by comparison with North America and northern Europe, 12 with a strong association between prevalence of MS and latitudedprevalence increasing from Northern Queensland to Tasmania by more than sixfold. 13 It has been noted by casual observers that the frequency of familial MS in Australia is not as high as that reported for northern hemisphere countries of largely European heritage. This of course would be expected with the lower background prevalence reflecting lower environmental risks. However, there may be an altered genetic risk due to a greater admixture of genes with up to 10% of the population being of Asian descent (2006 Census data, http://www.censusdata.abs.gov.au, accessed 2 August 2010).
To date, there has been no systematic survey of the familial risk of MS in Australia or any other mid-to low-latitude location. With the aim of identifying the scale of genetic risk and to provide accurate recurrence risk data for patients with MS in Australia, we have conducted a systematic survey of familial concurrence in various relative groups in three cohorts from centres in Australia which span the latitudinal depth of the country. We have compared these risks with existing data from the northern hemisphere.
METHODS Setting
This study was conducted through MS Clinics at three sites in Australia: Gold Coast, Queensland; Melbourne, Victoria; and Hobart, Tasmania. These clinics provide neurological services specifically for people with MS covering South-East Queensland, northern New South Wales, much of Victoria and Tasmania.
Subjects
MS clinic attendees at the three sites were invited to participate in the study.
Diagnosis of the proband was made following neurologist assessment using the Poser criteria for 'definite' and 'lab-supported probable' disease, 14 and, since their introduction, the McDonald and revised McDonald criteria. 15 16 For affected relatives in Queensland and Tasmania, diagnostic confirmation was undertaken using the above criteria where possible, but where relatives were geographically distant or deceased, the diagnosis was made through confirmation by a general practitioner or examination of available medical records. Where no records were available, a diagnosis was determined by one of the study neurologists based on the history and details given by surviving relatives. In the latter instance, only subjects with classical histories for MS were included. For the Victorian data, diagnostic confirmation was not systematically sought for affected relatives.
The study was designed to accommodate only one proband per family. Where multiple possible cases within one family were identified, the first to attend the treating clinic was designated as the proband for that family.
All subjects, probands and affected relatives (where diagnostic confirmation was sought), gave informed written consent to inclusion in the study.
Data collection
Data for Queensland and Tasmania were collected using a structured and standardised patient completed questionnaire followed by a personal or telephone interview to clarify areas of uncertainty. Information regarding the date of birth, sex and affection status for parents and siblings was requested. In addition, information regarding total number and number of affected other relatives, including offspring, grandparents, nieces/nephews, aunts/uncles and first cousins, was requested from each proband. Contact details of affected relatives were obtained and used to seek diagnostic confirmation. Probands were requested to contact other family members to garner information about their extended family; anecdotally, mothers were most frequently utilised. Data for Victoria were collected systematically, in person, as part of ongoing genetic studies 17 and only included information on parent and sibling numbers. Affection status was assigned as either case or non-case.
Adoptees, half-sibs, half-aunts/uncles and non-full cousins were excluded.
Ethics approval for the study was obtained from the relevant local human research ethics committee for each site.
Population prevalence
In order to estimate l s , it is necessary to have contemporary accurate regional population prevalence data. With the exception of Tasmania, the most recent prevalence studies in Australia were undertaken in the 1980s. Repeated studies in Tasmania have indicated a significant increase in MS prevalence over the past 50 years, 18 which echoes findings in other studies from around the world. We have therefore utilised prevalence data obtained in 2006 based on numbers of scripts for b-interferon/ glatiramer acetate within each region (P Klein, personal communication). This analysis gave estimates of prevalence for MS of 47.3/100 000 in Queensland, 84.6/100 000 in Victoria and 122.0/100 000 in Tasmania. Although subject to a number of approximations, the estimate for Tasmania was accurate to within 2.6% when compared with formal prevalence data (actual prevalence 125.2/100.000). 18 
Analysis
Crude recurrence risks were calculated for all categories of relative by simply dividing the number of affected relatives by the total number of relatives. Age-adjusted lifetime risks were calculated for siblings and parents using the prior age of onset approach and unmodified Strömgren method. 19 The cumulative age-at-onset distribution was calculated from clinical records of 527 patients held within the Gold Coast MS database (table 1) .
It is noted that this distribution is similar to previously published data for Australia, 20 North America 21 and northern
Europe. 22 This method of age adjustment accommodates the increased risk of developing MS in family members who have not yet reached the age of maximum risk. The assumptions that the age of onset of relatives is the same as that of probands, and that the pattern of familial recurrence is predictive of recurrence in the future, are consistent with previous findings.
23
Where age data were incomplete, estimated age based on average age for siblings or mean difference in age between proband and parents was used within families. There was no significant difference (p>0.05) in the figures obtained when these estimated data were included or omitted.
RESULTS
There were 1837 probands recruited across the three sites. Overall, the ascertainment rate was 93% of potential participants, with 575/609 Queensland, 941/953 Victorian and 321/ 398 Tasmanian probands consenting to take part in the study. Basic demographic data for these cases are given in table 2. More than 97% of cases were Caucasian. These data indicate that the populations studied are typical of cross-sectional cohorts of patients with MS in Australia and elsewhere. 20 22 The crude and, where calculable, age-adjusted risks for each category of relative at each of the three sites and collectively for Australia are given in table 3. It is evident that the crude risks for the differing categories of relative fall with decreasing degrees of relatedness in each of the cohorts and overall, with the exception of cousins.
These data give a sibling risk of 2.13% (95% CI 1.56% to 2.90%) for Australia. This figure is lower than previously reported age-adjusted figures for the UK, 3.8% 24 and Canada, 3.6%. 6 This is in keeping with the lower prevalence of MS in Australia. A similar pattern of lower recurrence risks is also seen in essentially all types of relative for Australia. While the 95% CIs for these sets of data do overlap, there is a consistent trend for all categories of relative, and the overall OR for any affected 
DISCUSSION
This is one of the largest recurrence risk studies ever undertaken in MS and provides the first data for the southern hemisphere and first data for mid-to low-latitude regions: 27e438 south. The recurrence risks calculated are lower than those previously reported for the northern hemisphere. These data provide accurate information specific to Australia and are therefore of value in counselling patients and their families regarding the likelihood of MS in relatives. The crude risk to offspring, which is usually the biggest concern for a person with MS, is 0.64%. Although the lifetime, age-adjusted rate would be higher, this is still a reassuringly low level of risk. These findings, although from the southern hemisphere, may provide some guidance as to recurrence risks for populations in other parts of the world at similar latitude and with similar genetic/ethnic structures. We have duplicated the findings of previous studies with regards to the higher risk to siblings when compared with both offspring and parents, with risks for siblings being close to double those for the other first-degree relatives. This is despite the same degree of genetic sharing (50%). There are at least two possible explanations for this finding. The first is a degree of recessive inheritance with regards to the multiple susceptibility genes in MS. The second is an age-or time-specific environmental risk factor: siblings being closer in age are more likely to be exposed to the same temporal risks. The observed risk to cousins (0.52%) was higher than for second-degree relatives (0.43%). At first, this seems counter-intuitive, but this finding is identical to the crude results from the UK data where, following age adjustment, this pattern was reversed. The use of mothers in collecting family data may introduce a maternal line bias which could inflate estimates of more distant relatives, and this may be an explanation for the higher risk seen in cousins compared with second-degree relatives. 22 25 We have not been able to age-adjust risks for more distant relatives or adjust for any changes in prevalence over time, and this limits our ability to interpret these findings.
The fact that the l s for MS in Australia is directly comparable with figures for the northern hemisphere suggests that the degree of genetic susceptibility and therefore the underlying admixture of risk alleles are very similar in the two populations. Thus, we have found no evidence for significant genetic heterogeneity. This finding is consistent with analyses of genetic stratification within and between populations, which indicates that even quite disparate populations genetically have much more in common than previously speculated. 26 The size of these cohorts and the variability of l s in all reported studies make the interpretation of any potential geneeenvironment interaction difficult.
The similarity of l s across latitudes suggests that the observed decrease in population prevalence at lower latitudes is more likely due to changes in epigenetics and environmental risk factor exposure. This is a notion which has been previously suggested with regards to temporal changes in the incidence and gender profile of MS 27 and the correlation between twin concordance and latitude. 28 The most obvious environmental candidate to explain this difference in Australia is an increased exposure to sunlight and an associated reduction in relative vitamin D deficiency, for which there is growing evidence for an association in MS susceptibility 29 and severity. 30 Vitamin D is known to have immunological effects in MS and 31 is effective in treating animal models of MS, 32 and higher vitamin D levels are associated with a decreased risk of relapse. 33 The higher l s for Queensland (35.5) does suggest the possibility that at the extreme of low environmental risk, genetic contributions to MS susceptibility may become more important. Plausible biological substrates for such an interaction have already been identified in CYP27B1 34 and vitamin D response elements influencing HLA-DRB1*1501 expression. 35 However, the CIs for this single result are wide, and this figure may be artificially inflated through the use of a Queensland-wide prevalence figure. Previous studies have shown a twofold increase in prevalence between northern and southern Queensland, 12 and the present study includes cases predominantly from southern Queensland as well as some from northern New South Wales where the population prevalence is higher still. 13 In conclusion, the genetic contribution to MS risk in Australia is similar to that seen in the northern hemisphere. The fall in risk with increasing degrees of relatedness is directly comparable with previous studies. 22 Data from recent genomewide association studies indicate that multiple genes play a role in MS susceptibility with HLA-DR*1501 carrying the predominant effect. 36 As a consequence of lower environmental risk, Australian patients and their relatives can generally be reassured that the risk of recurrence within families is low, with the highest age-adjusted risk being 3.28% for sisters.
